Two compounds were isolated from biotransformation of daidzein, a soybean isoflavone, by Aspergillus oryzae. One was 6, 7, 8, 4 0 -tetrahydroxyisoflavone, an A-ring dihydroxylated daidzein, and the other was a novel compound which had the cleaved B-ring of daidzein. The former was perhaps derived from 8-hydroxydaidzein and/or 6-hydroxydaidzein, and had high DPPH radical-scavenging activity.
Our research group is interested in antioxidants produced during the manufacture of soybean fermented foods, and so far has isolated several high DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging compounds, 8-hydroxydaidzein, 8-hydroxygenistein, 6-hydroxydaidzein, 8-hydroxyglycitein, and 3 0 -hydroxydaidzein, from soybean miso (soybean paste) 1, 2) and dou-chi, 3) a traditional food in Taiwan and China. These compounds showed not only antioxidative activity but antiproliferative activity toward human promyelocytic leukemia cells (HL-60), and antimutagenic activity and inhibitory activity against tyrosinase, 3, 4) and the biotransformation of daidzein by Aspergillus oryzae also gave three high DPPH radical-scavenging compounds, 8-hydroxydaidzein, 6-hydroxydaidzein, and 3 0 -hydroxydaidzein, and 3-((E)-2-carboxyethenyl)-5-(4-hydroxyphenyl)-4-pyrone-2-carboxylic acid, an A-ring cleaved compound of 8-hydroxydaidzein. 3) In a continuation of our study of the biotransformation of daidzein, we isolated additional two compounds metabolized from daidzein. This paper describes the isolation, structural eluciadation, and DPPH radicalscavenging activity of two metabolites obtained by transformation of daidzein by Aspergillus oryzae.
Biotransformation of daidzein by Aspergillus oryzae IFO 5239 was conducted according to methods previously described, 3) the culture filtrate was extracted with ethyl acetate (EtOAc) at pH 3, and the EtOAc extract was subjected to reversed phase MPLC (MeOH/H 2 O ¼ 35=65, 0.1% TFA). The fractions obtained were purified by reversed-phase high-performance liquid chromatography (CH 3 Table 1) .
The singlet signal at 8.38 in the 1 H-NMR spectrum was assigned as the 2-H signal of isoflavone, and two sets of doublet signals with ortho couplings at 6.83 (2H) and 7.38 (2H) indicated that 1 had a 4-hydroxylphenyl group as the B-ring. Consequently isoflavone 1 had three hydroxy groups in the A-ring judging by the molecular formula. Since the HMBC (Heteronuclear MultipleBond Connectivity) spectrum of 1 showed that the proton at 8.38 had cross peaks with four quaternary carbons at 121.8, 124.1, 147.1, and 173.8, the proton at 6.83 with two carbons (121.8 and 157.3), and the proton at 7.38 with two carbons (124.1 and 157.3), the four quaternary carbons were assigned as follows: 121.8 (s) C-1 0 , 124.1 (s) C-3, 147.1 (s) C-8a, and 173.8 (s) C-4. The chemical shift of C-8a in the 13 C-NMR spectrum indicated the presence of a hydroxy group at C-8, 1) and among the residual quaternary carbons constituting the A-ring, only the carbon at 115.3 was assignable as C-4a. It was not connected with an oxygen atom. This chemical shift of C-4a meant adjacent C-5 was bearing a hydrogen, and finally, the structure of 1 was assigned as 6,7,8,4
0 -tetrahydroxyisoflavone.
The 13 C-NMR spectral data of 8-hydroxyglycitein 2) supported the assignment of carbons in the 13 C-NMR spectrum of 1. Compound 1, 6,7,8,4
0 -tetrahydroxyisoflavone, has never been isolated, but the existence of 1 in the urine of humans who have ingested soy products was reported in experiments using a GC-MS spectrometer. 5) Perhaps this tetrahydroxyisoflavone 1 was produced by hydroxylation of 8-hydroxydaidzein and/or 6-hydroxydaidzein (Fig. 1) . The three signals at 6.90 (d), 6 .97 (dd), and 8.05 (d) in the 1 H-NMR spectrum of 2 indicated the presence of a 1,2,4-trisubstituted benzene ring. The signal at 8.05 had cross peaks with three quaternary carbons at 165.3, 159.3, and 175.8, and the latter two had also a cross peak with a singlet signal at 8.54 in the HMBC spectrum, where the proton at 8.54 also had a cross peak, with 162.2 (a quaternary olefinic carbon). Accordingly, 2 might have the same A and C rings as daidzein, although an oxidized moiety (C 6 H 7 O 5 ) connected with C-3 of compound 2 instead of the B ring of daidzein.
Treatment of compound 2 with ethereal diazomethane solution produced a trimethoxy compound, 3, which showed a quasimolecular ion peak at m=z 385 ½M þ Na þ , and the 1 H-NMR spectrum of 3 indicated the presence of three methoxy protons (3.69, 3.95, and 3.98). The showed a cross peak with 166.7 (C-7). Consequently it was found that the oxidized moiety (C 6 H 7 O 5 ) of 2 included two carboxylic acid moieties.
The cross peaks between 6.65 and 81.1, 116.5 (C-3), 162.2, and 174.7, between 2.49 (one of the methylene protons) and 81.1 and 172.7, and between 6.14 and 39.0, 162.2, and 172.7 deduced from the HMBC spectrum of 2 showed the oxidized moiety to be HOOC-CH=CR-CH (OH)-CH 2 -COOH.
Finally, the structure of 2 was determined to be 4-hydroxy-3-(7-hydroxy-4-chromoyl)-3-hexenedioic acid, and compound 2 was deduced to derive from the oxidative cleavage of the B-ring of 7,2 0 ,4 0 ,5 0 -tetrahydroxy isoflavone (Fig. 2) . The stereochemistry of a sole asymmetrical carbon was undetermined, but the geometry of a double bond was determined to be Z for a dienoic acid moiety, as shown in Fig. 1 , since the nOe (nuclear Overhauser effect) was observed between 2-H and 2
0 -H in the NOESY spectrum. In a DPPH radical-scavenging activity assay, 6, 7) compound 1 demonstrated high activity, an ED 50 value of 29.0 mM, and 2 showed low activity (ED 50 , 230 mM). This result indicates that the activity of a compound with three successive hydroxy groups on a benzene ring was as high as that of a catechol-type compound.
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The results described in this and previous papers 3) indicate that daidzein was transformed by Aspergillus oryzae into 8-hydroxydaidzein, 6-hydroxydaidzein, and 3 0 -hydroxydaidzein by hydroxylation, and that these was further metabolized to more polyhydroxylated isoflavones.
